ABSTRACT. Artificial crosses between the Japanese, octoploid Chrysanthemum shiwogiku Kitamura and Chinese, hexaploid C. vestitum (both Asteraceae-Anthemideae) produced 48 hybrids out of 181 germinated plants grown up to the mature stage. The hybrids showed more or less intermediate in morphological character between the two parents and somewhat more close to C. vestitum in white-color ligule flowers inherited. The chromosome numbers in 19 out of 48 hybrids studied varied from 2n=63 to 81 with various aneuploids and some individuals showed very small-sized chromosomes perhaps due to B-chromosomes of which undetected parentage had produced. The hybrid plants might be able to produce back-cross progenies after hybridization with C. vestitum as a paternal parents, as well as could hybridize with sister plants of the F 1 hybrids as ovule and pollen donors.
Hybridization plays an important role in evolution of plant species (Stebbins 1950; Arnold 1997; Rieseberg 1997) . Moreover, some speciation could be resulted from interspecific hybridization when postzygotic barriers led reproductive isolation between the hybrids and their sympatric parental species (Rieseberg and Wendel 1993) . Hyridization via polyploidy could be a major mechanism of speciation in plants ( Thompson and Lumaret 1992; Otto and Whitton 2000) . The polyploid often has the adaptive function of stabilizing genotype which were intermediate between or represent recombination of the characters found in the ancestral diploid (Stebbins 1966) . Chrysanthemum sensu lato provides models for evolutionary radiation through hybridization and polyploidy (e.g., Nakata 1989; Nakata et al. 1991 Nakata et al. , 1992 Kondo et al. 1992 Kondo et al. , 1994 . Members of the taxon are allogamous and suffruticose or herbaceous perennials. In native Japanese and Chinese species of Chrysanthemum sensu lato, polyploidy has played an important role in evolution, and has given rise to tetraploids, hexaploids, octaploids, and decaploids. Cultivars of Chrysanthemum are most frequently being hexaploid, hyper-or hypo-hexaploids or sometime heptaploid. The polyploids may be closely related to each other and may make cross-hybrids, which plays an important role in chromosome evolution and would even perform introgressive hybridization in the nature (Kondo et al. 1994) . Studies on the origin and the chromosome constitution of native polyploids contribute to an understanding of species relationships within the group and to the constitution and breeding of cultivars. Several authors have attempted to analyze the constitution of polyploid chromosome complements in hybrids between diploids and polyploids (Watanabe 1977; Aoyama 1997; Furuta et al. 2004; Abd El-Twab and Kondo 2000 , 2004b , 2007a , b, 2008 . The species were investigated their chromosome complements and their expected natural hybrids and species-relationships as early as the starting of the 20th century by Tahara (1915) . Natural interspecific hybrids were reported between the Japanese polyploids in the sympatric areas (Tanaka 1960) as well as the Chinese polyploids . Artificial cross hybridization between Japanese, Chinese and Japanese-Chinese species could be produced for research and breeding studies (eg., Watanabe 1977; Fruta et al. 2004; Abd El-Twab and Kondo 2007a , b, 2008 , 2009 . Thus, certain introgressive hybridizations between species of Chrysanthemum might involve with differentiation and speciation among both Japanese and Chinese Chrysanthemum species.
Chrysanthemum shiwogiku Kitam. (2n=72; octoploid) grows in the Pacifice Coasts from Bousou Peninsula to Kii Peninsula in Honshu and east of Mononobe River, Kochi Prefecture, Japan , while Chrysanthemum vestitum (Hemsl.) Stapf (2n=54; hexaploid) grows in Hunan, Hubei and Anhui Provinces (Shih and Fu 1983; Bremer and Humpheries 1993) . Due to geographical and ecological distances and differences of habitats of C. shiwogiku and C. vestitum, the aim of the present work was to investigate the intespecific relationship by studying hybridity or the ability of the two species to produce interspecific F 1 hybrids by hand pollination and investigating their chromosome complements in the hybrid. Also, pollen and ovule viabilities of the hybrids by applying the back cross as well as using sister plants for ovules and pollen donors were investigated. Cross hybridization method Artificial, interspecific, hand pollination was made in the forenoon of a fine day during the flowering season of taxa starting from October up to the end of November. Pollination method followed Tanaka et al. (1989) : Each capitulum was covered with bag made out of EX trace paper (290N) and labeled. Subsequently, the stigmas of newly blooming disc flowers were continuously pollinated. At the end of the flowering season, the capitula collected were kept to dry at room temperature. The fertilized, dried achenes were collected and counted before they were sawn in both in vitro and in vivo cultures.
MATERIALS AND METHODS

Plant materials Chrysanthemum shiwogiku
Aseptic culture of seeds Well ripen seeds were sown and germinated in vitro on 1/2 strength of Murashige and Skoog (MS; Murashige and Skoog 1962) solid medium supplemented with 1.5% sucrose and 0.3% gelrite at pH 5.5 under ca 2,000 lux illumination for 24 h daily at 22˚C after they were surface-sterilized with 1% (v/v) benzalkonium chloride for 5 min, 1-2% (v/v) sodium hypochloride solution for 5 min, and finally rinsed three times with distilled sterilized water. The other seeds were sown and germinated in vivo in a compost of akadama, vermiculite and decomposed leaves (3:2:1) in combination in beds in the greenhouse.
Orcein staining The aceto-orcein squash method modified by Tanaka (1960) was applied: Root tips were pretreated in 0.002 M 8-hydroxyquinoline at about 18˚C for 2 h and fixed in 45% acetic acid for 10 min. Then, they were macerated in a mixture of 1 N HCl and 45% acetic acid (2:1) at 60˚C for 15 sec, stained in 2% aceto-orcein for 20-30 min and squashed. Microphotographs were made on Minicopy HR-II film (Fuji) by FX35-DX Camera (Nikon).
RESULTS AND DISCUSSION
Artificial hybridization was made between the octoploid Chrysanthemum shiwogiku and the hexaploid C. vestitum during the flowering season of the taxa ( Table 1) . One hundred and twenty-seven head-inflorescences of C. shiwogiku were selected and covered with bags. Two thousands, six hundreds and fifty-four disc florets were pollinated with pollen grains of C. vestitum. Four hundreds and fifty fertile and 116 aborted achenes were obtained at frequencies of 17% and 4.4% respectively. Fertile seeds were sawn in vitro and in vivo. Eleven out of 12 achenes sown in vitro were germinated at rate of 91.7%, and 5 of them grew up to maturity. In contrast, 181 out of 438 seeds sown in vivo germinated at rate of 41.3%, and 44 of them reached to maturity and produced flowers. The five plants survived in vitro were investigated to be absolutely hybrids at rate of of 100% on the basis of morphological identification. Forty-three out of 44 plants grown in vivo were determined as true hybrids (Tables 1). The hybrids showed more or less intermediate between the two parents in morphological characters such as plant hight and leaf shape, while inflorescences were more closely similar to C. vestitum with respect to inheriting white-color ligule flowers (Fig. 1) . Back cross of the F 1 hybrids to C. vestitum was made while that to C. shiwogikum was not. Twenty head inflorescences of the hybrid plants between C. shiwogiku and C. vestitum were used as the maternal ovule flowers for back cross to C. vestitum as the pollen donor but the reciprocal cross was not done. Seven hyndreds and fourteen disc florets were pollinated and 175 fertile achenes at rate of 24.5% were obtained. Ten achenes were sawn in vitro. The other 165 achenes were sawn in vivo and 23 achenes at rate of 13.9% were germinated. The hybrid plants were investigated in fertility and compatibility by using the hybrid plants as ovule and pollen donors from sister plants. Sixteen inflorescences were chosen and pollinated by pollen collected from sister plants. Five hundreds and seventy-two disc florets were pollinated and produced 144 fertile achenes at rate of 25.2%. They were sawn in vivo and only 26 were germinated at rate of 18.1%. Watanabe (1977) made a cross hybridization successfully between C. japonicum Makino (2n=18) and C. shiwogiku var. kinokuniense Shimotomai et Kitamura (2n=90) by embryo culture. This hybrid plant had the chromosome number of 2n=46, and resembled morphologically more C. shiwogiku var. kinokuniense than C. japonicum. Aoyama et al. (1997) produced artificial F 1 hybrid between C. shiwogiku and C. grandiflorum (cultivated chrysanthemums). However, the hybrids had different chromosome numbers from average chromosome numbers of the two parents that were varied from 2n=60-68. B-chromosomes could be observed in some of the hybrids. In the present study the hybrid plants had variability in chromosome numbers. B-chromosomes could be observed to be the smallest in the chromosome complement. Thus, we expected that the origin of the B-chromosomes might come from the side of the maternal C. shiwogiku.
The synthesized plants either of aneuploids or of B-chromosomes hybridized or both between C. shiwogiku and C. vestitum set flowers in very beautiful inflorescences during the flowering season together with both parents. Chromosome numbers of 19 hybrid plants varied from 2n=63-81 (Fig. 2 , showing chromosome nos. of five taxa) with various aneuploids and one individual showed very small-sized chromosomes being speculated as B-chromosomes (Fig. 2B ), which were originated from unknown source of any of the parents. Hybrid plants were segregated into five groups based on the chromosome numbers of 2n= 63, 67, 72, 78 and 81 as follows: One individual had 2n=63 (Accession No.: sh-15-3-1-14; B-chromosomes were detected); one individual had 2n=67 (Accession No.: sh-15-3-1-7); eight individuals had 2n=72 (Accession Nos.: sh-15-3-1-8, -11, -16, -20, -30, -39, -40 and -41); one individual had 2n=78 (Accession No.: sh-15-3-1-27) and two individuals had 2n=81 (Accession Nos.: sh-15-3-1-10 and -30). Rapid genetic changes after the formation of allopolyploids such as translocation, deletion, and so on, gene silencing, and divergence in the function or expression of duplicated genes (Kondo et al. 1999; Shaked et al. 2001; Kondo and Abd El-Twab 2002; Skalicka et al . 2005; Abd El-Twab and Kondo 2003a , 2004a , b, 2007a can produce shifts in morphology and ecological tolerance, and thus, greatly increase the potentials for adaptation in polyploid lineages. Nakata et al. (1991) speculated that the chromosomal constitution of C. vestita might be triplicating of the diploid chromosomes complement of C. japonica, although C. vestitum was similar to C. occidentalijaponense regarding flower head and chromosome number but differed in their karyotypes from each other. Khaung (1997) and Abd El-Twab and Kondo (2003b) proposed that the diploid chromosome complement of C. japonicum could involved partially with the hexaploid genomes of C. vestitum. Thus, the chromosome constitution of C. vestitum was speculated to have incorporated by more than one-genome contributors. Therefore, C. vestitum started to be used intensively for artificial cross hybridizations by various Japanese authors. Artificial crosses were successfully produced between C. yoshinaganthum and C. vestitum and performed a heptaploid plant when C. yoshinaganthum was used as the female parent (Nakata et al. 1991) . Kondo and his group have been investigating the genetic ability to produce hybrids between the Japanese and Chinses species in Chrysanthemum sensu lato among different ploid levels including C. vestitum. Abd El-Twab and Kondo (2007b) found possible products of aneu-tetraploid interspecific hybrids between Japanese C. boreale (2n=18, diploid) and Chinese C. vestitum (2n=54, hexaploid) by hand pollination. The interspecific hybrid between C. shiwogiku and C. vestitum showed several aneupolyploid taxa. It is clear that the geographical and ecological isolations of the habitats of the Japanese and Chinses species of Chrysanthemu sensu stricto did not cause their hybridity and thus, there is no genetic barriers preventing the species to produce the F 1 hybrids. Based on the present study, the polyploid nature of Chrysanthemum sensu stricto and its closely related genera in Chrysanthemum sensu lato are more complex, since the species has sexual reproduction and self-incompatibility. The present and previous results (eg., Abd El-Twab and Kondo 2007a) might support the advanced polyploidization in Chrysanthemum. These high polyploid hybrids might involve several mutations as deletion, translocation and/or inversion of genes in their genetic composition Kondo 2003a, 2004b) , which might be very important for hybrid survival, or in other words by producing high ploidization level and/or additional chromosomes in aneuploid progenies might be able to compensate the existence of such kind of mutation. It is very important to extend the study on the chromosome complement of these produced F 1 hybrids, back cross and sister plant cross by using the molecular systematic methods such as ISSR (inter simple sequence repeats) and RAPD (random amplified polymorphic DNAs) and molecular cytogenetic methods such as FISH (fluorescence in situ hybridization) and GISH (genomic in situ hybridization), to investigate the genomic interactions of both parents in the chromosome complements of their produced hybrids. Table 2 . Crossability, seed germination and seedling survival in of the back cross and sister plant hybridization with the F 1 hybrids between Chrysanthemum shiwogiku (2n=72) and C. vestitum (2n=54)
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